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chondrocytes and other stromal cells for attachment to the scaffold in vivo. In addition, a preparation of cells that can include chondrocytes' 
chondrocyte progenitor cells or other stromal cells is administered, either before, during or after implantation of the scaffold and/or* the 
periosteal penchondnal tissue; the cells are administered directly into the site of the implant in vivo and promote the induction of factors th-t 
enhance chondrcgcnes.s and the migration of chondrocytes, progenitor cells and other stromal cells from the adjacent in vivo environment 
into the scaffold for the production of new cartilage at the site of implantation. 
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METHOD FOR MAKING BVTVOR PP MTP r V G CASTTT.^ 
!• INTRODDCTIQN 

The present invention relates to methods for making 
5 and/or repairing cartilage in vivo. More specifically the 
invention relates to methods of making and/or repairing 
cartilage comprising implanting into a patient, at a site of 
cartilage damage or loss, a biocompatible, non-living three- 
dimensional scaffold cr framework structure, in combination 
10 with periosteal/perichondrial tissue, and administering a 
preparation of chondrocytes and/or other stromal cells such 
as chondrocyte progenitor cells, to the site of the implant 
before, during or after implantation of the scaffold and/or 
the periosteal/perichondrial tissue. The 
15 periosteal/perichondrial tissue can be used to hold the 
scaffold in place at the site of implantation and also 
provides a source of stromal cells, e.g., chondrocytes and/or 
chondrocyte progenitor cells, for attachment to the scaffold 
in_vivo. The preparation of stromal cells seeded directly 
2 0 into the implantation site in vivo provides not only a 
readily-accessible source of chondrocytes and/or other 
stromal cells for attachment to the scaffold but also 
provides a rapid and efficient means of inducing 
chondrogenesis as well as migration of stromal cells from the 
25 surrounding in vivo environment to the scaffold via factors 
produced by the stromal cells of the preparation. 
Additionally, the seeded stromal cells can be genetically 
engineered to express gene products beneficial to growth 
implantation and/cr amelioration of disease conditions. ' T he 
3 0 methods of the invention therefore result in the efficient 
production of new cartilage in vivo . 

The methods of this invention are useful in the 
production/repair of articular cartilage in patients 
suffering from degenerative connective tissue diseases such 
35 as rheumatoid and/or osteoarthritis as well as in patients 
who have cartilage defects due to trauma. The methods of 
this invention can be used to replace or augment existing 
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cartilage tissue, to introduce new or altered tissue or to 
join together biological tissues or structures. 

2. BACKGRO UND OF THE INVENTION 
5 There are various types of cartilage, e.g., articular or 

hyaline cartilage, elastic cartilage and f ibrocartilage 
Articular cartilage is found at the articular surfaces of 
bones, e.g., in the joints, and is responsible for providing 
the smooth gliding motion characteristic of moveable joints 
X0 Articular cartilage is firmly attached to the underlying 
bones and measures less than 5mm in thickness in human 
joints, with considerable variation depending on joint and 
site within the joint. m addition, articular cartilage is 
aneural, avascular, and alymphatic. m adult humans this 
15 cartilage derives its nutrition by a double diffusion system 
through the synovial membrane and through the dense matrix of 
the cartilage to reach the chondrocyte, the cells that are 
found in the connective tissue of cartilage. 

In fact, articular cartilage consists of highly 
20 specialized chondrocyte cells surrounded by a dense 

extracellular matrix consisting mainly of type II collagen, 
proteoglycan and water. While the biochemical comoosition 'of 
articular cartilage includes up to 65-80% water (depending on 
the cartilage) , the collagen component of the cartilage is 
25 the most prevalent organic constituent. The collagen (mainly 
type II) accounts for about 15-25% of the wet weight or about 
half the dry weight, except in the superficial zone where it 
accounts for most of the dry weight, its concentration is 
usually progressively reduced with increasing depth from the 
30 articular surface. The proteoglycan content accounts for up 
to 10% of the wet weight or about a quarter of the dry 
weight. Proteoglycans consist of a protein core to which 
linear sulfated polysaccharides are attached, mostly in the 
form of chondroitin sulfate and keratin sulfate. m addition 
35 to type II collagen, articular collagen contains several 
other collagen types (IV, v, ix and X) with distinct 
structures. There are a variety of interactions between 
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these individual macromolecules, which include both 
noncovalent associations between proteoglycans and collagens 
and covalent bonds between different collagen species 
Resistance of the extracellular matrix to water flow gives 
5 cartilage its ability to dispense high joint loads, it 
absorbs shock and minimizes stress on subchondral bone (Mow 
et al " 1984 ' J « Biomech. 17:377-394). However, adult 
cartilage and bone have a limited ability of repair- thus 
damage to cartilage produced by disease, such as rheumatoid 
10 and/or osteoarthritis, or trauma can lead to serious physical 
deformity and debilitation. Furthermore, as human articular 
cartilage ages, its tensile properties change. The 
superficial zone of the knee articular cartilage exhibits an 
increase in tensile strength up to the third decade of life 
15 after which it decreases markedly with age as detectable 
damage to type II collagen occurs at the articular surface 
The deep zone cartilage also exhibits a progressive decrease 
in tensile strength with increasing age, although collagen 
content does not decrease. These observations indicate that 
20 there are changes in mechanical and, hence, structural 

organization of cartilage with aging that, if sufficiently 
developed, can predispose cartilage to traumatic damage. In 
osteoarthritic cartilage, there is excessive damage to type 
II collagen, resulting in crimping of collagen fibrils In 
2 5 rheumatoid arthritis, the combined actions of free radicals 
and proteinases released from polymorpholeukocytes cause much 
of the damage seen at the articular surface (Tiku et al 
. 1990, J. Immunol. 145:690-696). Induction of cartilage ' 

matrix degradation and proteinases by chondrocytes is 
30 probably induced primarily by inter leukin-1 (i L -l) or tumor 
necrosis factor-a (TKF-a) (Tyler, 1985, Biochem. J. 225-493- 
507). 

The current therapy for damage or loss of cartilage is 
replacement with a prosthetic material, for example, silicone 
35 for cosmetic repairs, or metal alloys for joint realignment. 
Implantation of prosthetic devices is usually associated with 
loss of underlying tissue and bone without recovery of the 
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full function allowed by the original cartilage . 
l0n9 - ter ! W«tio», associated „ it h the presence oi l 

L~: t ;: rei9n boay - inciude J 

5 Use of sterilized bone or bnn fl ~ * 

ne or *>one powder or suraical i 
seede with bone cells that are eventually iMpl.nteThave 
been largely unsuccessful because of the non-degradable 
nature of the cell support. According to one procedure 
fibroblasts are exposed i^r, for a minimum of « re 'days 
10 to a soluble bone protein capable of stimulating a ' 
chondrogenic response. Ihe activated fibroblasts are then 
transferred zn^o by combining them with a biodegradable 
matrix or by intra-articular injection or attaint to 

35 nethT \T Pr °" hetiC rt. disadvantage of this 

th h Z T «*— «»— is not allowed to develop in 
the short-ten. cultures and there is an unduiy heavy reliance 
on cartilage synthesis by the exposed fibroblasts Z t he 
implant site. See Caplan. A., Dn i te d states Pat. No 
* 4,609,551, issued September 2, 1986 

20 united states Pat. Mo . 5,' 041.138 to J.P. vacanti et al 

issued August 30. 1993, describes th. growth of cartilatnts 
structures by seeding chondrocytes on biodegradable matrices 
^vitro for subsequent imputation in vivo . 0nit . d states 
Patents Kos. 5.197.935 and S.335.,34, t0 caplan et al 

35 issued March 30, 1993 and July 13 ,003 ,«„„,." T^' 

to culturing .arrow-derived ^C^ZZTZ 

ca „i! r PreSenCe ° £ gr0Wth faCt °"' these cennTa 

c.u"oroho!" " P T US " raBiC VehiClS ' t0 PrMOte 
*0 ceus into W ' 1BPlanCin9 the «~*« containing the 

Stages P,t w 3 C " tila ^- "nally, United 

St. es pat. No. ,,520.833, to Schmidt £Sj K, issued June 4 
198= relates to a method of growing a biological tissue 
correction structure using a bioabsorbable mesh or gauze 
According to a preferred embodiment, bioiogical tissue is 
35 removed from a defective a-«» „f , k ^ ., 

.... . elective a.ea of the body and grown in vitro 

on a bioabsorbable mesh and the tissue/mesh structur e is 
Placed into the area of the defect in^ivo for a time long 
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enough to allow the mesh to be completely bioabsorbed 2n 
all of the approaches cited above, cells are applied to a 
carrier in vitro for implantation into the site of a 
.cartilage lesion. 

5 United States Pat. No. 4,846,835 to Grande et al 

issued July n, 19Mf also describes . graft±ng 

pro.ot.ng articular cartilage healing by culturing autologous 
chondrocytes in vitro and seeding the chondrocytes on a 
collagen matrix in vitro . Grande further describes 
10 implanting the chondrocyte/ collagen matrix into a cartilage 
lesion and mechanically fixing the graft by suturing a 
periosteal flap to the cartilage. Grande teaches that the 
periosteum has very little chondrogenic potential and that 
the periosteal flap utilized therein could have been 
is substituted by a resorbable biocompatible polymer to achieve 
the same fixation purpose. While von Schroeder et al 1991 
J. Biomed. Mat. Res. 25: 329-339, relates to perlo^ell 
grafts in combination with a polylactic acid matrix for the 
repair of full-thickness osteochondral defects in animals 
20 Messner, 1994, Biomaterials 15 (No. 3): 223-230 describes' 
experiments in which periosteal grafts in combination with 
Teflon and Dacron felts for the repair of full-thickness 
osteochondral defects were unsatisfactory in achieving normal 
cartilage repair in animals. 0'Driscoll et al. . 198 6 J 
25 Bone and Joint Surg. 68-A (No. 7): 1017-1035; 0'Driscoll et 
iLU, 1985, 31st Annual 0RS, p. 292, Las Vegas, Nevada, JanT 
21-24, 1985; Rubak, i 982 , Acta. Orthop. Scand. 53: 175-180- 
and Messner et_aJU, 1993, Biomaterials 14 (No. 7): 513-521 
relate to the use of free autogenous periosteal grafts that 
30 are placed directly into full-thickness articular defects for 
the repair of such defects in animals. 

In addition, Thome et al iqq-* di=,«.4. 

51 • ' 1993, Plast. Reconstr. Surg. 

91 (No. 2): 307-315 and Bruns et^L, 1992 , virchows. Arch. 
A. Pathol. Anat. Histopathol. 421 (No. l) : !- 8 relate to the 
35 use of autogenous perichondria! grafts for the repair of 
full-thickness articular defects in animals. Thoma noted 
Barked degenerative changes resembling osteoarthritis in the 
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perichondria! grafts and concluded that spontaneous repair a , 
such large defects may result- in a repair of 

y BCfcS may result in a more normal new articular- 

cartilage than the perichondria! grafts attempted. Bruns 

noted hyaline-like cartilage in non-weight-bearing areas of 

s the defect, but not i„ weight-bearing areas. Finally Bea n 

et^, 1994, ORL J. Otorhinolaryngol . Relat. Spec 56- 22. 

229 reports the use of a composite graft of demoralized 

bovine bone matrix and autogenous perichondrium for the 

^ reconstruction of the anterior laryngeal wall in rabbits. 

3 ' SUMMARY nr THE Twr-^x^ 

The present invention relates to methods of making 
and/or repairing cartilage in_vivo comprising implanting into 
a patient, at a site of cartilage damage or loss a 
15 biocompatible, non-living three-dimensional scaffold or 
framework structure in combination with 

periosteal/perichondrial tissue that can be used to hold the 
scaffold in place and provides a source of chondrocyte 
progenitor cells, chondrocytes and other stromal cells for 
20 attachment to the scaffold in vivo . In addition a 
preparation of cells that can include chondrocytes 
chondrocyte progenitor cells or other stromal cells is 
administered, either before, during or after implantation of 
the scaffold and/or the periosteal/perichondrial tissue; the 
2 5 cells are administered directly into the site of the implant 
il^vivo and promote chondrogenesis and the production of 
factors that induce the migration of chondrocytes, progenitor 
ceils and other stromal cells from the adjacent invivo 
environment into the scaffold for the productionized 
30 cartilage at the site of implantation. 

More specifically, the three-dimensional scaffold 
contains interstitial spaces into which progenitor cells 
chondrocytes and other stromal cells from the adjacent in 
. viyo environment, including the implanted 
35 periosteal/perichondrial tissue, migrate for attachment and 
growth on and within the scaffold structure. The preparation 
c stromal cells seeded in combination with the scaffold and 
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periosteal/perichondria! tissue provides a reedy source of 
chondrocytes end other stroma! celis which produce biological 
factors that promote chondrogenesis and the migration of 
stromal cells from, e.g., the periosteal/perichondria! tissue 
s to the scaffold for attachment and/or differentiation 

thereon. The stromal cell preparation also provides a direct 
source of stromal cells, e.g.. chondrocytes and/or progenitor 
cells, that are capable of migrating into the scaffold "d 
attaching thereto. The stromal cells in the scaffold 
10 whether derived from the periosteal/perichondria! tissue 
from the exogenous stromal cell preparation or from the L 
^2 environment adjacent to the implant site, grow on the 
scaffold to form a cellular matrix and provide the support, 
growth factors and regulatory factors reguired for cartilage 
formation at a cartilage defect site jn vivo . The methods of 
this invention thus result- *t, 

us result m the production of new cartilage 
vivo at the implant site. 9 

In a preferred embodiment of the methods of the 
invention the periosteal/perichondria! tissue is placed over 
20 the implanted scaffold at the site of cartilage damage or 
loss (.the defect site") and affixed> ,. g-f fay . 
that S1 te, thus holding the scaffold in place. According to 

I T , eab ° diment ' the -""old is composed of a 

biodegradable material such that, upon successful 
25 engraftment, the scaffold structure is completely absorbed in 
resulting in new carti i age having no ^ 
living material encompassed within it. 

According to another preferred embodiment, the 
preparation of chondrocytes and/or other stromal cells is 
30 administered in^ivo to the site of the implant after the 
scaffold and periosteal/perichondria! tissue have been 
implanted. m yet a further embodiment of the invention, 
bioactive agents such as cellular growth factors (e.g., TGT- 
0), factors that stimulate chondrogenesis (e.g., bon e 
35 morphogeny proteins (BMPs) that promote cartilage 

llT^l' f T rS ^ StimUlatS TOigrati0n ° f St ™^ -lis 
and/or matrix deposition, anti-inf lammatories or 
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immunosuppressants, are included at the implantation site 
For example, these factors can be incorporated into the ' 
scaffold material to provide for release at the site of 
implantation; the scaffold can also be comprised of or 
5 coated with, one or more of these bioactive agents ' 
Alternatively, the factor (s) can be administered into or 
adjacent to the scaffold, either before, during or after 
seeding of the stromal cells, e.g., the bioactive agent (s) 
can be administered to the site, either as a separate 
10 preparation or as part of the stromal cell preparation. In 
addition, the stromal cells seeded at the defect site can be 
genetically engineered to express the genes for these 
bioactive agents, e.g., specific types of TGF-0 such as 

or specific types of BMPs such as BMP-13. Exposure of 
15 the defect site to these bioactive agents promotes the 

successful and/or improved production of new cartilage and/or 
improves the success of implantation, for example, by 
reducing the risk of rejection or inflammation associated 
with the implant. 

20 For example, according to one embodiment of the 

invention, the stromal cells can be genetically engineered to 
express ant i- inflammatory gene products to ameliorate the 
effects of degenerative diseases like rheumatoid arthritis 
which result in cartilage damage due to inflammatory 

25 reactions; e.g., the stromal cells can be engineered to 
express peptides or polypeptides corresponding to the 
idictype of neutralizing antibodies for granulocyte- 
macrophage colony stimulating factor (GM-CSF) , tumor necrosis 
factor (TNF) , interleukin-2 (IL-2) , or other inflammatory 
3 0 cytokines and mediators. 

According to another embodiment, the stromal cells can 
be genetically engineered to express tissue factors that 
enhance migration of stromal cells from the adjacent in vivo 
environment into the scaffold at the implantation site 

Preferably, the cells are engineered to express such 
gene products transiently and/or under inducible control 
during the post-operative recovery period, or as a chimeric 
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fusion protein anchored to the stromal cell, e.g., a chimeric 
molecule composed of an intracellular and/or transmembrane 
domain of a receptor or receptor-like molecule, f use d to the 
gene product as the extracellular domain. 
5 in another alternative embodiment, the stromal cells can 

be genetically engineered to "knock out" expression of 
factors that promote rejection of the implant or degenerative 
changes in articular cartilage due to aging, rheumatoid 
disease or inflammation. For example, expression of pro- 

10 inflammatory mediators such as GM-CSF, TNF, IL-1, il-2 and 
cytokines can be knocked out in the exogenous ly-administered 
stromal cells or on the implanted periosteal or perichondria! 
tissue to reduce the risk of inflammation. Likewise, the 
expression of MHC class II molecules on the cells or tissues 

IS can be knocked out in order to reduce the risk of rejection 
of the implant. 

In another embodiment of the invention, the methods of 
the invention may afford a vehicle for introducing genes and 
gene products in vivo to assist or improve the results of the 
20 implantation and/or for use in gene therapies. For example 
genes that prevent or ameliorate symptoms of degenerative ' 
changes in cartilage such as rheumatoid disease or 
inflammatory reactions and bone resorption, may be 
underexpressed or overexpressed in disease conditions and/or 
25 due to aging. Thus, the level of gene activity in the 

patient may be increased or decreased, respectively, by gene 
replacement therapy by adjusting the level of the active gene 
product in genetically engineered stromal cells. 

In yet another preferred embodiment, the cartilage 
30 defect site into which the implant will be placed is treated 
preferably prior to implantation, to degrade the pre-existing 
cartilage at the defect site, freeing cells to migrate into 
the scaffold of the implant and promoting the orderly 
deposition of new cartilage. Methods of such treatment 
35 include enzymatic treatment abrasion or microdrilling 

According to a further embodiment, the preparation of stromal 
cells of the invention can be injected into the degraded 
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cartilage at the defect site. e.g., into the saria 
ceils or into the wells C f the defect, providing . ^ „ 
biological factors that induce migration of stromal cell" 
^ fro- the degraded cartilege to the implant. 

*• 3-"""° BSSSEHXI2& SI T BgHjZioB 
The present invention involves methods of maxing and/or 
repairing cartilage ilL vivo comprising the implantation in 
vivo of a three-dimensional scaffold * ^ 
,« ^ * ^. scaffold or framework structure 

10 made of a biocompatible non-i . ="-^cture 

' non - llv ing material in combination 
with periosteal/perichondrial tissue and 1-ho ^ • . natl ° n 
^ ^ . tissue and the administration 

of a preparation of stromal ooii* ^ lon 

s-romal cells, such as chondrocytes or 
chondrocyte progenitor cells ^ or 

. • , . , . cells > which cells are seeded at the 

site of implantation in_viyo. 

» The term "chondrocyte progenitor cell" as used herein 

refers to either (1 , a pluripotent, or lineage-uncommitted 
progenitor cell, typically referred to in the art as ."stem 
cell" or -mesenchymal stem cell", which is potentially 

capable of an unlimited number of ™i rn f^ • • 

mitotic divisions to *>ifw 
20 renew its line or to produce progeny cells which win 

differentiate into chondrocytes; or ,2, a lineage-committed 
progenitor cell produced r-rr™ "wmittea 

s proauced from the mitotic division of a stem 

cell which will eventually dif f er^n+H,- • ^ 

^ y aiife rentiate into a chondrocyte. 

Onlixe the stem cell from which it is derived, the lineage! 
» committed progenitor is generally considered to he i le 
of an unlimited number of mitotic divisions and will 
eventually differentiate into a chondrocyte 

The term -cartilage" or "cartUage tissue- as used 
herein is generally recognized in the art, and refers to a 
30 specialized type of dense connective tissue comprising cells 
embedded in an extracellular matrix (ECM) (see, for example 
=orma=x. „„. HaM^isiolsoy, 9th Ed ., ^^/^ ' 

»•»-»»>. The biochemical composition of cartUage 

3S o- ca\ r tila CC ° rdin9 " tyPe '' h ° UeVer ' thS 3e " e " 1 "-Position 
o. cartilage comprises chondrocytes surrounded by a dense ECH 

consisting of collagen, proteoglycans and water. Several 

types of cartilage are recognized in the art. including, for 
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example, hyaline or articular cartilage such as that found 
within the joints, fibrgus cartilage such as that found 
within the meniscus and costal regions, and elastic 
cartilage. The production of any type of cartilage is 
5 intended to fall within the scope of the invention 

Furthermore, although the invention is directed 
Predominantly to methods for the production of new cartilage 
tissue in humans, the invention may also ha practiced so as 
to produce new cartilage tissue in any mammal in need 

others. The treatment of such animals is intended to fall 
within the scope of the invention. 

The invention is divided into the following sections 
solely for the purpose of description: (a, the three- 
dimensional scaffold; (b) the periosteal/perichondria! tissue 
and its implantation in comhination with the scaffold; (c, 
the stromal cell preparation, including genetically 
engineered stromal cell*;' r*\ • 

' (d) adrain istration of the stromal 
cells in vivo and (e) usm ^ , 1 
ana <e) uses o. the methods of the invention. 



20 

4.1 



THE TmBB-nT U w>, BTOtttIi BCiWnr.n 

The three-dimensional scaffold or framework structure 

• ™ f a 7; aterial and/ - ***** that: (a) allows cells to 

- to it) - Ld lT ^ m ° dified ^ all ° W to attach 

to it) , and (b) allows cells to grow in nore than one layer 

Because the three-dimensional structure is to be implanteTin 
XUB, it may be preferable to use biodegradable materials 
. such as polyglycolic acid (PGA) , polylactic acid ( PLA) 

hyaluronic acid, catgut suture material, gelatin, cellulose 
30 nitrocellulose, collagen, cotton, or other naturally- 
occurring biodegradable materials. Furthermore, it My be 
preferable to ste-ilize fh. ... y 
to imrnl.,* V- 1126 the ^"^-dimensional structure prior 

to implantation, e.g., by treatment with ethylene oxide or bv 
ganma irradiation or irradiation with an electron beam, 
fo-m t H addlti ° n ' a nu " b « « «l»r materials may be used to 

IZ- T, " frmk StrUCt " e ' lnCl "«^ but not 

limited to: nylon (polyamides) , dacron (polyesters' 
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polystyrene, polypropylene, polya crylates> p 01yviny , 
compound, (e.g., polyvinyichloride, , polyearbonat. P v c , 
polytetrafluor.thylene tm . ^ tht ^ <™ C > • 

verity of polyhydroxyalkanoetes . Because certain^ J 

5 materials, such as nylon, polystyrene etc I 

w ^i/5>tyrene, etc. may be Door 

substrates £ or cellular attachment. „ nen these materials are 
used as the three-dimensional framework, it is advisable to 
pre-treat the framework prior to implantation in order to 
enhance the attachment of chondrocytes end «.» 
10 cells to the scaffold. For examo^ T ""^ 
treated with 0.1 « acetic , , h * * n " rie « «» »• 

PBS, and/or collate ^ to coaMhe'n "^"^ *" 
similarly treated'usin, su "urt ~" ^ 

use in the methods of this 
invention. Regardless of the sh ano ~* ^ 
„ snape of the framework the 

openings of the framework should ho ~* 

allow the chondrocytes and oter s^l" etTtT^cT *" 

actively — ~ 

— ==toss the framework enhances the 

production of growth factors which are elaborated by the 
s romal cells, and further enhances new cartilage formation 

25 ££T 'I addiMOn - ° P '" in ^ ° £ «» ^omLor^st 

allow for adeguate diffusion of nutrients and waste products 
into and out of the structure and for vascularization at the 
•»« of implantation. Por example. if the openings are too 

small, the stromal cells may raoidw „• 9 
be * ., . rapidl i' achieve confluence but 

oe unable to easilv exit fm» <- . 

oin the matrix; trapped cell.: ma „ 
30 exhibit contact inhibition and cease production of the ' 
appropriate factors necessary to support proliferation if 
tne openings are too large, the stroma! cells may 
to stretch across the opening; this win also decrease 
stroma! cell production of the appropriate factors necessary 
*5 to support proliferation. „ he „ usin9 . Besh type 0 ^ C "** ry 
framework, openings ranging from about 150 „m to about 220 urn 
are satisfactory. However ■ tf 

r-owever, depending upon the three- 
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replicate and gro „ , or ltngthy o d\ „ HI T, " 

3 accordance with the inventio „. pof * * «« « 

fra»evorKS. openings ranging fro„ about ,„ ' *" f « lt -'yP« 
are preferred. *" to about 120 

According to a preferred embodiment t h „ 
felt, which can be composed of a ^^alt" " *" 3 
10 a bioabsorbable Material, e a p2 Jt *"* tIa " 

(PLC A) or hyaluronic acid. £ 

using standard textile process"ino t h" " 

. . processing technigues consisting 

crimpxng, cutting, carding and needlinc » ons «ting of 

further preferred eminent tne r, : <=° * 

15 fro. .o-,. % . the density of ^e £ elt rl 1 ^ ""^ 

and the thickness of the felt ran! ' 30_6 ° ™ 9/CC 

tne felt ranges from 1-7 am 

=ollacen an t r°T nt U " erein *»" SC " f ° ld is — of 
collagen, the collagen may be in the form of a sponge a 

a nylon filtration -^^^^^1 * ^* 

T " z::°:.:r fi * r diamat - ° f - - ---- " 

e.ia^rtri:::; zirtz r du : y or - 

_ * wnic « the invention wor-Vc ^ 

of factors inherent in tho *w works, a number 

contribute to its suoL u tltT^ 1 ~* 

. (a) Th e ^-^™;::^: a r™x^:i™ 

surface area for protein »ff a ^ ^ aes a greater 

30 rhfl *u Protein attachment, and consequentlv f nr 

30 the adherence of stromal cells in vivo gently, for 

(b) Because of the three-dimensionality of the • 
as noted above, the stromal cells th a ^ „ I riX ' 

f „ , ceixs that attach to the 

framework continue to actively grow and produce growth - 
regulatory factors which promote new cartilaoe f 
35 vivo, and are less « cartilage formation in 

J-y to exhibit contact inhibition. 
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(c) The three-dimensional framework allows for a 

) spatial distribution of cellular elements whioh is analogous 

to that found in vivo . 3 

(d) The increase in potential volume for cell growth in 
5 the three-dimensional structure may allow the establishment 

of localized microenvironments conducive to cellular 
differentiation and maturation in the production of new 
cartilage in vivo . 

(e) The three-dimensional matrix maximizes cell-cell 
10 interactions by allowing greater potential for movement of 

migratory cells, such as macrophages, monocytes and possibly 
lymphocytes . 

(f) It has been recognized that maintenance of a 
differentiated cellular phenotype requires* not only 

15 growth/differentiation factors but also the appropriate 
cellular interactions. The present invention effectively 
recreates the in vjvo tissue microenvironment. 

According to one embodiment of the invention, the 
. scaffold may comprise or be modified, e.g., coated or 

20 impregnated, prior to implantation with certain substances to 
enhance the attachment and growth of chondrocytes and other 
stromal cells on the scaffold in vivo . These substances 
include, but are not limited to, bioactive agents such 
cellular growth factors (e.g., TGF-/3) , substances that 
25 stimulate chondrogenesis (e.g., BMPs that stimulate cartilage 
formation such as BMP-2, BMP-12 and BMP-13) , factors that 
stimulate migration of stromal cells to the scaffold, factors 
that stimulate matrix deposition, anti-inf lammatories (e.g., 
non-steroidal anti-inf lammatories) , immunosuppressants (e.g! 
30 cyclosporins), as well as other proteins, such as collagens,' 
elastic fibers, reticular fibers, glycoproteins or 
glycosaminoglycans, such as heparin sulfate, chondroitin-4- 
sulfate, chondroitin-6-sulfate, dermatan sulfate, keratin 
sulfate, etc. For example, growth factors such as TGF-/J, 
35 with ascorbate, have been found to trigger chondrocyte 

differentiation and cartilage formation by chondrocytes. In 
addition, hyaluronic acid is a good substrate for the 
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attachment of chondrocytes and other stromal cells and can be 
incorporated as part of the scaffold or coated onto the 
scaffold. 

These bioactive agents may also be included in or on the 
S scaffold for local, sustained release of the agents. 
Examples of such sustained release formulations include 
composites comprising the bioactive agent and a biocompatible 
polymer, such as poly(lactic acid), poly (lactic-co-glycolic 
acid) , methylcellulose, hyaluronic acid, collagen, and the 

10 like. The structure, selection and use of degradable 
polymers in drug delivery vehicles have been reviewed in 
several publications, including, A. Domb et al. . 1992, 
Polymers for Advanced Technologies 3:279-292. Additional 
guidance in selecting and using polymers in pharmaceutical 

IS formulations can be found in the text by M. Chasin and R. 

Langer (eds.), 1990, "Biodegradable Polymers as Drug Delivery 
Systems, Vol. 45 of Drugs and the Ph^T-maceutical Sciences . M. 
Dekker, New York. 



2 0 4.2. THE PERI08TEA1/PERICH0NDRIAL TISSUE AND ITS 

IMPLANTATION IN COM BINATION WITH THE SCAFFOLD 

The scaffold of the invention as described above is 
implanted into the defect site in vivo in combination with 
periosteal tissue, perichondrial tissue or a combination of 

25 the two tissues. Periosteal tissue is derived from the 

periosteum, a fibrous membrane localized at the surfaces of 
bones, and can be obtained from the periosteum/bone interface 
of any suitable bone of the patient (or subject) or a 
histocompatible donor, e.g., ileum, scapula, tibia, fibula, 

30 femur, etc. The periosteal tissue contains a variety of 
stromal cells including osteocytes, chondrocytes and 
fibroblasts as well as mesenchymal stem cells having the 
potential to differentiate into osteogenic or chondrogenic 
cells. Perichondrial tissue is derived from the 

35 perichondrium, the fibrous connective tissue covering 

cartilage, except articular surfaces. Perichondrial tissue 
contains chondrogenic progenitor cells and chondrocytes. 
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The periosteal/perichondrial tissue can be in the form 
of a segment or layer of tissue of any size or shape, 
preferably of a size and shape that fits within or 
corresponds to the defect site. The tissue can be laid over 
5 or under the scaffold at the implantation site and can 

optionally be mechanically fixed to the scaffold and/or the 
defect site, e.g., by sutures or glue fixation, e.g., f ibrin 
glue. Although it may be preferable for the 
periosteal/perichondrial tissue to be autologous (i e 
10 derived from the subject receiving the implant) , the tissue 
may be derived from a heterologous source. When 
periosteal/perichondrial tissue from a heterologous source is 
used, it may be preferable to add anti-inflammatory factors 
or immunosuppressants to the defect site, e.g., attached to 
15 or within the scaffold or exogenously administered to the 
site, to minimize the risk of immunological rejection. 

According to a preferred embodiment of the invention 
the three-dimensional scaffold is implanted at the defect' 
site in vivo and a piece of periosteal/perichondrial tissue 
20 is placed over the implanted scaffold and sutured in place so 
that the tissue overlays and lies adjacent to the scaffold 
structure. Alternatively, a segment of periosteum or 
perichondrium may be implanted directly into the defect site 
and the scaffold placed on top of the tissue such that the 
25 stromal cells of the tissue can migrate from the tissue into 
the scaffold. in any case, the periosteal/perichondrial 
tissue should be situated with respect to the scaffold in 
such a way as to allow the stromal cells from the tissue to 
migrate into the scaffold and proliferate thereon and 
3 0 therein. The scaffold and/or periosteal/perichondrial tissue 
can be implanted using surgical techniques well known in the 
art, e.g., arthroscopy. 

According to a preferred embodiment, the periosteal 
tissue is situated or oriented such that the cambium layer o* 
35 the tissue is facing into the defect; thus, in the embodiment 
wherein the scaffold is placed directly into the defect site 
and the periosteal tissue is placed on top of the scaffold, 
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the periosteal tissue is oriented in relation to the too „, 
the scaffold such that the cambium layer is facing th too of 
the scaffold. When perichondria! tissue is used In the 
claimed methods, the perichondria! tissue is also placed 
s the defect site or oriented „itb respect to tne ^« 

that its cambium or inner transition layers faces the defect 
or scaffold. It is these l av ^ e . " 

iS ^ese layers that contain chondrogenic 
stem cells and/or chondrocytes that can migrate into the 
scaffold for the production of new cartilage at the defect 
10 site, 

in an alternative embodiment of the invention, a 
bioresorbable patch, e.g., fi lm, mesh or felt, can be used in 
Place of the periosteal/perichondria! tissue and situated or 
orxented adjacent to the scaffold within the defect site 

15 For example, if a film i s ,„ _ ,_ " 

, ' . Used ' " Ba y be comprised of PGA or 

polygluconate; if a mesh or felt is used, they may be 
comprised of vicryl or PIA. The preparation of stromal cells 
>s seeded ln to the defect site as described herein 

J0 H f * CCOrdin « " 3 fu " h ~ embodiment of th. invention, the 

d I" T " tr " ted ' P " fe " b ^ to implantation, to 

degrade the cartilage at the site of the defect, freeing 
cells (e.g., stromal cells, from that area to migrate into 
the scaffold of the implant and promoting the orderly 

» tro.^ CartUa9e - «"» -zymes are used to treat 

« the defect site, such enzymes include but are not limited to 
trypsin, chymotrypsin. collagenase. elastase, and/or 
hyaluronidase, Dnase, pronase, chondroitinase, etc 
Alternative methods of treating the defect site to'degrade 
the cartilage include abrasion, debridement, shaving or 
30 macrodrming. where abrasion technics are utiliL. the 
surface of the cartilage may be serrated, e.g., via wire 

wool. In microdrilling, a drillinr, ■ " ~ 

y, a arming device is used to create 

small defects or channels in the cartilage. Treatment 0" the 
defect sxte to degrade or disrupt the pre-existing cartilage 
35 reduces the chances of scar tissue forming at the site and 

d p r:::r; it ? orderiy °< - «* «- 
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4 - 3 * THE STROMfiL CET.T. ESS£&B&2£gii 
According to the methods of this invention a 
preparation of stromal cells is additionally administered at 
the implantation site, which cells produce biological factors 
5 that promote chondrogenesis and the migration of cells such 
as chondrogenic stem cells or chondrocytes, from the in vivo 

environment adjacent to the implant, including f ron ^ 

periosteal/perichondrial tissue, to the scaffold for 
attachment and/ or differentiation thereon and therein The 
10 stromal cell preparation also provides a direct source of 
stromal cells, e.g., chondrocytes and/or chondrocyte 
progenitor cells, that are capable of migrating to the 
scaffold, attaching thereto, and elaborating cartilage- 
specific macromolecules and extracellular matrix proteins for 
IS the production of new cartilage at the defect site The 

cells described herein can be administered before, during or 
after implantation of the scaffold and/or periosteal/ 
perichondrial tissue, as discussed in Section 4.4 in fra 
The stromal cells of the preparation may include 
2 0 chondrocytes, chondrocyte progenitor cells including 

mesenchymal stem cells, fibroblasts, f ibroblast-like cells 
and/or cells capable of producing collagen type II and other 
collagen types, and proteoglycans which are typically 
produced in cartilaginous tissues. The stromal cells can be 
25 obtained from the patient (or subject) or a histocompatible 
donor. The chondrocytes, progenitor cells, f ibroblast-like 
cells and other cells and/or elements that comprise the 
stroma may be fetal or adult in origin, and may be derived 
from convenient sources such as cartilage, bone, skin 
30 ligaments, tendons, muscles, placenta, umbilical cord' etc 
For example, stromal cells such as chondrocytes may be 
derived from any type of cartilage, including but not limited 
to, hyaline cartilage, costal cartilage, fibrous cartilage 
etc., which can be obtained by biopsy (where appropriate) or 
35 upon autopsy. Chondrocyte progenitor cells may be derived 
from various sources including bone marrow, periosteum 
perichondrium or various sources of undifferentiated human 
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mesenchyme. Fibroblasts can be obtained in quantity rather 
conveniently fro* foreskin, preferably fetal foreskin or 
alrernatively, any appropriate cadaver organ. Fetal cells 
including f ibroblast-like cells and chondrocyte progenitor' 
5 cells, may be obtained from umbilical cord or placenta tissue 
or umbilical cord blood. Although stromal cells from a 
variety of sources may be used in the claimed methods, it is 
preferable that, for implantation i n vivo , the stromal cells 
be derived from the individual who is to receive the implant 
10 or from cells of fetal origin which may be viewed as 
"universal donors" so as to minimize the risk of 
immunological rejection of the implant. 

The stromal cells nay be readily isolated by 
disaggregating an appropriate tissue which is to serve as the 
15 source of the cells. This may be readily accomplished using 
techniques known to those skilled in the art. For example 
the tissue can be disaggregated mechanically and/or treated 
with digestive enzymes and/or chelating agents that weaken 
the connections between neighboring cells making it possible 
20 to disperse the tissue into a suspension of individual cells 
without appreciable cell breakage. Enzymatic dissociation 
can be accomplished by mincing the tissue and treating the 
minced tissue with any of a number of digestive enzymes 
either alone or in combination. These include but are not 
25 limited to trypsin, chymotrypsin, collagenase, elastase 
and/or hyaluronidase, Dnase, pronase, etc. Mechanical ' 
disruption can also be accomplished by a number of methods 
including, but not limited to the use of grinders, blenders 
sieves, homogenizers, pressure cells, or sonicators to name' 
30 but a few. For a review of tissue disaggregation techniques, 
see Freshney, Culture of » niww1 rp11> . A Mam|<|1 ^ 

TeCh " iqUe ' 2d Ed " A - R ' Liss, inc., New York, 1987 Ch 9 
pp. 107-126. * ' 

Once the tissue has been reduced to a suspension of 
3 5 individual cells, the suspension can be fractionated into 
subpopulations from which chondrocytes, fibroblasts and/or 
other stromal cells and/or elements can be obtained. This 
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also may be accomplished using standard techniques for cell 
) separation including but not limited to cloning and selection 

of specific cell types, selective destruction of unwanted 
cells (negative selection) , separation based upon 
S differential cell agglutinability in the mixed population 
freeze-thaw procedures, differential adherence properties 'of 
the cells in the mixed population, filtration, conventional 
and zonal centrif ugation, centrifugal elutriation (counter- 
streaming centrif ugation) , unit gravity separation, counter 
xo current distribution, electrophoresis and fluorescence- 
activated cell sorting. For a review of clonal selection and 
cell separation techniques, see Freshney, supra, ch. n and 
12, pp. 137-168. 

For example, the isolation of chondrocytes, chondrocyte 
15 progenitors, fibroblasts or f ibroblast-like cells is carried 
out as follows: fresh human cartilage tissue can be 
thoroughly washed and minced in Hanks balanced salt solution 
(HBSS) in order to remove serum. The minced tissue is 
) incubated from 1-12 hours in a freshly prepared solution of a 

2 0 dissociating enzyme such as trypsin. After such incubation 
the dissociated cells are suspended, pelleted by 
centrif ugation and plated onto culture dishes. All 
fibroblasts will attach before other cells, therefore, 
appropriate stromal cells can be selectively isolated 'and 
25 grown. The isolated stromal cells can then be grown to 
confluency, lifted from the confluent culture and 
administered to the cartilage defect site in viv« (se e e g 
Naughton et^al^, 1987, J. Med . 18 (3&4) :219-250) . Fibroblast- 
ic cells may also be isolated from human umbilical cords 
30 (33-44 weeks). Fresh tissues may be minced into pieces and 
washed with medium or snap-frozen in liquid nitrogen until 

further use. The umbilical ti^npc m =„ k~ j • 

tissues may be disaggregated as 

described above. 

Once chondrocytes or chondrocyte progenitor cells have 
35 been isolated, their population can be expanded mitotically 
m vitro in order to obtain the cell preparation for 
implantation. Methods for the selection of the most 

- 20 - 



WO 97/30662 



PCT/US97/02909 



appropriate culture medium, medium preparation, and cell 
culture techniques are well known in the art and are 
described in a variety of sources, including Doyle gt al. 
(eds.), 1995, Cell & Tissue Cult ure: Laboratory Pr oee d„ rBe 
5 John Wiley & Sons, Chichester; and Ho and Wang (eds.), 1991, 
Animal Cell Bioreactors, Butterworth-Heinemann, Boston. 

The cells should be transferred or "passaged" to fresh 
medium when they reach an appropriate density, such as 3 to 
6.5 x 107cm 2 , or, for example, when they reach a defined 
10 percentage of confluency on the surface of a culture dish. 
During incubation, the stromal cells may stick to the walls 
of the culture vessel where they can continue to proliferate 
and form a confluent monolayer. This should be prevented or 
minimized, for example, by transferring a portion of the 
15 cells to a new culture vessel having fresh medium, since the 
presence of a confluent monolayer in the culture vessel will 
tend to "shut down" the growth of cells in the culture. 
Removal of the confluent monolayer or transfer of a portion 
of the cells to fresh media in a new vessel will usually 
20 restore proliferative activity of the cells. Such removal or 
transfer should be done in any culture vessel which has a 
monolayer exceeding about 25% confluency. Alternatively, the 
liquid culture can be agitated, for example, on an orbital 
shaker or in roller bottles, to prevent or minimize the cells 
25 from sticking to the vessel walls. 

In addition, once the stromal cells have been 
established in culture, they may be maintained or stored in 
cell "banks" comprising either continuous in vitro cultures 
of cells requiring regular transfer, or, preferably, cells 
30 which have been cryopreserved. Cryopreservation of the cells 
may be carried out according to known methods, such as those 
described in Doyle et al., 1995, supra. For example, but not 
by way of limitation, cells may be suspended in a "freeze 
medium" such as, for example, culture medium further 
35 comprising 20% FBS and 9% dimethylsulf oxide (DMSO) , with or 
without 5-10% glycerol, at a density, for example, of about 
4-10 x 10« cells/ml. The cells are dispensed into glass or 
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plastic ampoules (Nunc) which are then sealed and transferred 
to the freezing chamber of a programmable freezer. The 
optimal rate of freezing may be determined empirically. For 
example, a freezing program that gives a change in 
S temperature of -1-C/min through the heat of fusion may be 
used. Once the ampoules have reached -180»C, they are 
transferred to a liquid nitrogen storage area. Cryopreserved 
cells can be stored for a period of years, though they should 
be checked at least every 5 years for maintenance of 
10 viability. 

The cryopreserved cells constitute a bank of cells 
portions of which can be "withdrawn" by thawing and then used 
to produce new cartilage tissue as needed. Thawing should 
generally be carried out rapidly, for example, by 
15 transferring an ampoule from liquid nitrogen to a 37 o C water 
bath. The thawed contents of the ampoule should be 
immediately transferred under sterile conditions to a culture 
vessel containing an appropriate medium such as RPMI 1640 
conditioned with 10% FBS and 5% ES. It is advisable that the 
20 cells in the culture medium be adjusted to an initial density 
of about 3-6 x io« cells/ml so that the cells can condition 
the medium as soon as possible, thereby preventing a 
protracted lag phase. Once in culture, the cells may be 
examined daily, for example, with an inverted microscope to 
25 detect cell proliferation, and subcultured as soon as they 
reach an appropriate density. 

In addition to chondrocytes, chondrocyte progenitors 
fibroblasts or f ibroblast-like cells, other cells may be ' 
added to the cell preparation for implantation in vivo , which 
30 other cells aid in the production of the stromal matrix on 
the scaffold of the invention. For example, other cells 
found in loose connective tissue may be seeded along with 
chondrocytes or fibroblasts. Such cells include but are not 
limited to endothelial cells, pericytes, macrophages 
35 monocytes, plasma cells, mast cells, adipocytes, etc' These 
stromal cells may readily be derived from appropriate organs 
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including umbilical cord or placenta or umbilical cord blood 
using methods known in the art such as those discussed above 

Moreover, the stromal cell preparation may further 
comprise one or more other components, including selected 
5 extracellular matrix components, such as one or more types of 
collagen known in the art, as well as growth factors and/or 
drugs. Growth factors which may be usefully incorporated 
into the cell preparation include one or more tissue g-owth 
or stimulatory factors known in the art or to be identified 
10 in the future, including but not limited to any member of the 
TGF-/J family, BMPs that stimulate cartilage formation, e.g. 
BMP-2, BMP-12, and BMP-13 , factors that stimulate migration' 
of stromal cells and/or matrix deposition, insulin-like 
growth factor (IGF) -I and -II, growth hormone, etc. Drugs 
15 which may be usefully incorporated into the cell preparation 
include anti-inflammatory compounds such as non-steroidal 
antiinflammatories, immunosuppressants such as the 
cyclosporins, as well as local anesthetics. Other components 
may also be included in the preparation, including but not 
2 0 limited to any of the following: (i) buffers to provide 
appropriate pH and isotonicity ; (2) lubricants; (3 ) viscous 
materials to retain the cells at or near the site of 
administration, including, for example, alginates, agars and 
plant gums; and (4) other cell types that may produce a 
25 desired effect at the site of administration, such as, for 
example, enhancement or modification of the formation of 
cartilage tissue or its physicochemical characteristics or 
support for the viability of the cells, or inhibition of 
inf lamination or rejection. 
30 Again, because .the cells are to be used for implantation 

ln V1V ° ' iZ is P"ferable to obtain the stromal cells from 
the patient's own tissues or from a fetal source ("universal 
donor"). The growth of cells on the three-dimensional 
scaffold may be further enhanced by including in or on the 
35 framework or coating the framework with proteins (e g 

collagens, elastic fibers, reticular fibers), glycoproteins, 
glycosaminoglycans (e.g., heparin sulfate, chondroitin-4- 
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sulfate, chondroitin- 6 -sulfate. dermatan su l fat . ker „, 
sulfate, etc.,. and/or other bioactive 1 „ t « ui .''^»^" 
growth factors. . n * s 

According to one embodiment of the invention, growth 

to ^7 'I ~™ lat °** Eluding, out not £Ld 

formatT ind h "" rb " e ' « "at sti.ul.te cartilage 

formation such as BMP -2 , BMP-12 an* 

' and BMP-13 nay be added to 
the implantation site before during 

either the scaffold and,or .^^JE^T °< 

" !rr- " ° rder " Pr °"° te the ««*«*«» of new cartilage 
at the site. Moreover, such growth regulatory factors can be 

s ZTT, t0 " ^ "~ °< ^"istration °f the 

stomal cells, either as a separate preparation or. as noted 

susra. as part of the stromal cell preparation. 
15 in addition, the stromal cells k 

1 cens may be genetically 
engxneered to produce growth factors such as TGF-0 as well as 
other biological factors such as factors that stimulate 
ovogenesis or the migration of chondrogenic and other 
stromal cells to the scaffold of this invention. 

20 

The stromal cells administered to or in combination with 
the scaffold and periosteal/perichondria! tissue of the 
invention can also be cenetipsn,, A - • 
, c genetically engineered to produce oene 

» proaucts that promote the successful production or repair of 
cartilage at a defect site and/or for use in gene therapies 

r eM " Ple ' the «» >e genetically engineered 

to express antiinflammatory factors, e.g., anti- S „-cSF 
anti-TNF, anti-IL-1, anti-I L - 2 , etc . , to reduce ^ 

30 reaction of the implant or to reduce the ris* of 

degenerative changes in the cartilage due to rheumatoid 
disease or other inflammatory reactions. For example, the 
stromal cells can he genetically engineered to express 
peptides or polypeptides corresponding to the idiotype of 

35 neutralizing antibodies for granulocyte-macrophage colony 
stimulating factor (SM-CSF) , tnf, il-1, i L - 2 , or other 
inflammatory cytokines. IL-I has been shown to decrease the 
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synthesis of proteoglycans and collagens type II, i X and XI 
(Tyler et al. , 1985, Biochem. J. 227:869-878; Tyler et al 
1988, Coll. Relat. Res. 82: 393-405; Goldring et a 3 ._ 1988> ' 
J. Clin, invest. 82:2026-2037; and Lefebvre et al. . i 990 
5 Biophys. Acta. 1052:366-372) and is a potent stimulator of 
cartilage resorption and of the production of inf lavatory 
mediators by chondrocytes (Campbell et al. . 1991, j. Ifflaunol 
147:1238-1246). TNF also inhibits synthesis of proteoglycans 
and type II collagen, although it is much less potent than 
10 IL-1 (Yaron, 1., et_al„ i 98 9, Arthritis Rheum. 32:173-180; 
Ikebe, T., et al. , 1988, J. Immunol. 140:827-831; and 
Saklatvala, J., 1986, Nature 322:547-549). 

Once the genetically engineered stromal cells are 
implanted into an individual, the presence of the anti- 
15 inflammatory gene products can bring about amelioration of 
immunological rejection or the inflammatory reactions 
associated with rheumatoid or joint disease. 

In another embodiment, the stromal cells can be 
genetically engineered to express a gene which would exert a 
20 therapeutic effect, e.g., in tne production of TGF-/? to 

stimulate cartilage production, or other factors such as BMP- 
13 to promote chondrogenesis and/or prevent bone formation or 
stimulatory factors that promote migration of stromal cells 
and/or matrix deposition. 
25 m addition, the stromal cells can be genetically- 

engineered to express a gene for which a patent is deficient 
For example, genes that prevent or ameliorate symptoms of 
various types of rheumatoid or joint diseases may be 
underexpressed or down-regulated under disease conditions 
30 Specifically, expression of genes involved in preventing 

inflammatory reactions in rheumatoid or joint diseases may be 
down-regulated. Alternatively, the activity of gene products 
may be diminished, leading to the manifestations of some or 
all of the above pathological conditions and eventual 
35 development of symptoms of rheumatoid or joint diseases 

Thus, the level of gene activity may be increased by either 
increasing the level of g ene product present or by increasing 

- 25 - 
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the level of the acf^ fl 

express the active Lglt ae „! '.neticaUy engineered to 
- a rheumatoid or S^J^J^ °T 
5 that product, the aev.l of the LI t " for 

activity of th at product can be moIuttTtoT"" ^ 
ameliorate the symptoms of rheumatoid or Joint " 
-Target gene." as used herein r . f !" ! d "aases. 
rheumatoid or joint diseases in . g *"" involv *d in 

10 of the level of target gene e 1. " hiC> > "Nation 

Product activity nay' ac-!to amel^ate" " " *~ 
or joint diseases by preventing r W ° f r "a™atoid 

production of inflaL^ ^.^ l0 " °< """age and 
in addition, patients ^T^' 
15 therapy by means of the stromal „, 7 "placement 

to the methods of this invention ^ """^""d according 
repaired cartilage mev be desioned "^'cement or 

reguirements of an individual patlnt'f " *° ^ 

stromal cells may be geneticallv eXi "" Ple ' 0,0 

»- or more genes; or the regula""" ST™ <° «~ 
transient or long-term; or th ! """""n may be 

ihducible or inducible. ITlZVT^ "* * n ° n " 
human complement regulator protIL "V^ ^ 
Of an implant by the hos~ t Prevents rejection 

» fibroblasts. „=curry a ' "* * U "~ t ' d lnt ° "uman 

427. y Si - 4ii - 1995 ' Nat "re Medicine i :423 - 

The stromal cells used irt 
. - also be genetically^ ' 
of factors that promote inflame repression 
30 iapiant site. negative ZllZ ry t Z " *" 

reduction of target o.n* techniques for the 

Product activit;" " *"« "~ 

"odul.tion-. as used herein refers t ■»»•"*• 

level and/or activitv of target 1! " """"^ " 

" leve! and/or activity of the tara et *° tt « 

absence of the modulato-y traa" \ "™ the 

oene native to stromal «n " " " ^ ot * 

•-- can be reduced or knocked out 
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using a number of techniques, for example, expression may be 
inhibited by inactivating the gene completely (commonly 
termed "knockout") using standard homologous recombination 
techniques. Usually, an exon encoding an important region of 
5 the protein (or an exon 5' to that region, is interrupted by 
a positive selectable marker (for example neo) , preventing 
the production of normal mRNA from the target gene and 
resulting in inactivation of the gene, a gene may also be 
inactivated by creating a deletion in part of a gene, or by 
10 deleting the entire gene. By using a construct with two 

regions of homology to the target gene that are far apart in 
the genome, the sequences intervening the two regions can be 
deleted. Mombaerts etjy^, 199 i f Proc. Nat. Acad. Sci 
U.S.A. 88:3084-3087. 
15 Antisense and ribozyme molecules which inhibit 

expression of the target gene can also be used in accordance 
with the invention to reduce the level of target gene 
activity. For example, antisense rna molecules which inhibit 
the expression of major histocompatibility gene complexes 
2 0 (HLA) have been shown to be most versatile with respect to 
immune responses. Furthermore, appropriate ribozyme 
molecules can be designed as described, e.g., by Haseloff et 
^' 1988 ' NatUrS 33 ^585-591; 2auq et al. . 1984, Science ~ 
224:574-578; and Zaug and Cech, 1986, Science 231:470-475 
25 Still further, triple helix molecules can be utilized in 

reducing the level of target gene activity. These techniques 
are described in detail by L.G. Davis et al. . eds, Basic 
■ 1 * thod » in Molecular Biology , 2nd ed. , Apoleton s Lange 
Norwalk, Conn. 1994. "* ' 

30 Us i ng any of the foregoing technigues< tne . expression of 

IL-l can be knocked our in the chondrocytes to reduce the 
risk of resorption of cartilage and production of 
inflammatory mediators by the chondrocytes. Likewise the 
expression of MKC class II molecules can be knocked out in 
35 order to reduce the risk of rejection of the implant. 

Methods that may be useful to genetically engineer the 
cells of the invention are well-known in the art. For 
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example, a recombinant DNA construct or vector con ^ • • 
gene of interest may be constructed and used to tra ^ 
transf ect the stromal cells of th* • ******** or 

„ cexis of the invention, such 

transformed or transfected cells that carry the gene of 
5 interest, and that are canabl* r>* 

selected and clonally expanded eXPr6SSln9 Said ^ a " 

y ex Panded in culture. Methods for 
preparing DNA constructs containing <-x 

transforming or transf ecti ' ! ° f inte ~ St ' *~ 

carrying and expressing the g I ne ^ " C6llS 
.0 in the art. See, for L^T^*^' Well - kn ° Wn 
Maniatis e^, 1989 , Hol^.^ci ^ 

M »n,,»i rvo* e -angular n q ^ Labors — . 

Manual, Cold Spring Harbor Laboratory Press ColdT^ 
Harbor, N.Y.; Ausubel et a. 1989 r ' ^ Spri " g 

m« i«« „. , a= - i ' 1989 » Current Pr-r^^ -,. in 

BalSE^ B ,o W , Oreene P-blirti^^^T^ 

and Sambroox ttjlif „, Molecular 
Cloning.- A Labflr^n^ "nm m ?„rt — iecuiar 

Moratory Press, col, ^ g H«b!r ' '„ T ^ 

The cells can be engineered using any of a variety of 
vectors deluding, out not limited to. integrating v"a7 

IT e ' 9 " retr ° VirUS « adeno-associated vLal 

vectors; or non-integratino reD li M f 

... 9 re P li catmg vectors, e .a 

papilloma virus vectors, SV40 vector, • , 

replication-defective viral V ^J^^™°™' « 

expression is desired m„!„ * enI 
„„, . e "rea, non-integrating vectors and 

25 replication defective vectors ™>„ k 

inducible or const* tu-iveoT ! Prefer " a - sin « =«her 

.v.* - cons._tu.ive promoters can be used in these 
systems to control expression of the gene of interest 
Alternatively, integrating vectors can be used to obtain 
transient expression, provioed the gene of interest is 
30 controlled by an inducible promoter, other metho o 
introducing DNA into cells ine ^ 

i ■ * ^"i.s include the use of liposomes 

lipofection, electroporation a narri^ ^Posomes, 
DNA injection. Petiole gun, or by direct 

Hosts cells are D^e^e-am^ ^ 

3= with DMA controlled by I ; LT " 

' " ooerat ive association with 
one or more appropriate expression control elements sue! as' 
Promoter or enhancer seguences. transcription terminals 
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polyadenylation sites, aoong others. and , ,. lMtM) 
Follows, the introduction of the foreign DNA, engineered 
oells „,ay be allowed to grow in enriched -edia and then 
switched to selective aedia. The selectable marker in the 
5 foreign DNA confers resistance to the selection and aliows 
calls to stably integrate the foreign DNA as, for exanpie on 
a plasma, into their chromosomes and grow to form foci ' 
which, in turn, can be cloned and expanded into cell l< nes 

10 wh^xortrtV' aaV "" 9e ° USl * — «• -Si-er cell" lines 
10 which express the gene product. 

Any promoter may be used to drive the expression of the 
inserted gene. For example, viral promoters include but are 
not limited to the CMV promoter/ enhancer , SV40, 

papillomavirus, Epstein-Barr virus „ 
is R = * virus, elastm gene promoter and 

15 0-globin. Preferably, the control elements used to control 
expression of the gene of interest should allow for the 
regulated expression of the gene so that the product is 
synthesized only when needed in viv o. If transient 
expression is desired, constitutive promoters are preferably 
20 used m a non-integrating and/or replication-defective 

vector. Alternatively, inducible promoters could be used to 
drxve the expression of the inserted gene when necessary 
inducible promoters can be built into integrating and/or' 
replicating vectors. For example, inducible promoters 

25 include, but are not limited to ..v- 

liea ro ' ffl etallothionien and heat 

shock protein. 

A variety of methods may be used to obtain the 
constitutive or transient expression of gene products 
engineered into the stromal cells. For example, the 
30 transxaryotic - implantation technique described by Seldon et 
iLU, 1987, science 236:714-718 can be used. "Transxaryotlc".. 
as used herein, suggests that the nuclei of the imolanted ' 
cells have been altered by the addition of DNA sequences by 

35 -I! " tranSi6nt ^ £eCtion ' ^eferably, the stromal 
35 cells are engineered to express such gene products 

transiently and/or under inducible control during the post- 
operative recovery period, cr as a chiffieric fusicn 
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anchored to the stromal cells, for example, as a chiaer , 
molecule composed of an intracell ular a L/or transl h 
domain of a receptor or receptor-l ike .ol^T^™ 
gene product as the extracellular domain. 

Once the stromal cells have been genetically *rv,< 



4 -"- ""tiWWVTTQH n F T nr r T „ omT . ™. T .. Tf . 

either !; r ePar " i0n ° £ StroMl «» be administered 

an"/ 6 '.*»"* « -Plantation of the scaffold 

and or the perrosteal/perichondrial tissue. For example the 

!5 o f L"" ~ defe=t bef °" i»Planta io" 

15 Of exther the scaffold or the periosteal/perichondrial 

tissue. Alternatively, the stroma! cells oan be administered 
to the s>te after either one or both of the scaffold and 
tissue have been implanted; e.g., by injection into the site 
after suturing the periosteal/periohondrial tissue to the 
*0 scaffold, According to a preferred embodiment, the ce are 
seeded between the periosteal/perichondria! tissue and the 
scaffold at the defect site. According to another preferred 

i tTT, the cells are seeded directiy int ° **• *««°« 

T ! , " 1S S ° " t0 d **" d * th * ««ilage 

the stromal cells can also be seeded into the degraded 

cartuage, e.g., into the surrounding cells or directly into 
. the cartuage wall. The stroma! cells act therein to Luc. 
the migration of stromal cells *t™» <-v , uce 
30 the implant. " de9 " ded ""ilage to 

The stromal cells can be seeded by any means that allows 

ac^stration of the cells to the defect site, e , by 

injection. When the ceUs a>- e inio^ , 

«-J-s a_e injected into the site, such 
injection can be achieved by anv mean* <-» * 

w-,. y ny mean s that maintains the 

35 viability of the ceU? _ e 

y or rne ce.is, e.g., via syringe or more preferably 
via an arthroscope. Accordina to a nr j „ . Prererably, 

f wooing to a preferred embodiment of 
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the invention, the number of ceUs administered oan ranee 
from approximately i x ; „. to 30 , 1Q . ^ 

After the scaffold, periosteal ,~ ^ ^ . 
-4- p *" ost «*l/p«nchondrial tissue 

. =r "™;rr— • — : r~ " 

invention, the stromal cells to be * ^ * 

v*. ■ - s ro be seeded are suroicaliv 

obtained from the patient e a * surgically 

f enw, e.g., from ear cartil . d/ 

bone marrow, in a separate suroir.i „ and/or 

" e su ryical procedure rnitu* a 

vitro to obtain an appropriate * m ! cultu ^ed in 

. f'Fiopriare amount of cells and 

10 administered to the patient at the time of . „ 
wherein the scaffold and periosteal I 
implanted. The periosteaf/oerL h - " " 
surgically obtained frol the Patf", """" " *«*«->» 
scaffold is implanted, although ^ tf ^ ^ 

is ^ prior to implantation «s.V e ^ * """^ ^ 
iao , _ „ tsee ' e -g-/ O'Driscoll et al 

1994, J. Bone and Joint Surg. 76-A: 1042-1051) 

According to the methods of t h{ ' • 
ceils f the P ^ 1/P ^^^^ r 

20 ^ d « r °" al ^"ation P=P"l«e the scaffold structure to 
20 form a stromal matrix that resembles the in vivo 

microenvironment of cartilage tissue, allo^nTTor the 

production of new cartilaoe at , k . , , 

ceils administered to the site ptvL *" 

factors that promote c^^ZZ ^Z bi ° 1 ° giC * 1 
ct-k^ -i y Sls an a the migration of 

cart uL C Uh " her *- L vivo 

carriage environment of the defect or from the stromal""^ 

preparation, to the scaffold, thus promoting the production 
of a living stromal tissue that orovirt.. » k l °" 

30 izz^ re r tory = - :: rssrc" 

atrial 0llfer " i0n ° f «• "romal cells i^ivs. 9 The 

str 1 cells „ ay add;tionaUy prov . de f — — e ^e 

the deposition of the living stroma! matrix at the defect 
site. The proliferating cells matur. .„„ defect 

-thin the matrix to form J g " , sue 'at'theTH 
35 site in vivo . !ue at the defect 

The successful repair or replacement of damaged 
cartilage can be enhanced if the new cartilage tissue can be 
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fixed in place at the sit. of repair. Post-implantation 
movement may cause the new cartilage tissue to become 
dislodged from the site if a pro-active fixation technioue < 

not employed. Various methods can b e used to fix the "ew 
5 carriage tissue in place, including: patches derived from - 

bioresorbable polymer or biocompatible tissues, which ca„ be 

Placed over the site and sutured.- bioabsorbable sutures" 

otner fasteners, e.g.. pins , stapUs _ 

glues, eg., £l brin glue; non-absorbabl. fixation devices 
iO e.g. , sutures, pins, screws and anchors; adh.sives; and the 
use of interference fit geometries. 

■*- 5 - Or THE ME THOnc , r T , r . nrrTn| , 

The methods of this invention are useful to replace or 

ITT e r Sti " 9 " rtila5e to introduce new 

or altered cartilage tissue or to join together biological 
tissues or structures. The present methods find use In a 
number of specific areas. For example, the. evaluation of 
internal derangements of articular cartilage in several 
»• articulations, including the xnee, hip. elb ow, anxle and the 
glenohumeral Joint, has been made possible by arthroscopic 
technigues. Such derangements can be caused by physical 
trauma to the cartilage, by various connective tissues 
diseases and/or by increased age of the individual 
» Arthroscopic surgery has become increasingly popular as well 
as successful, e.g.. numerous small cutting tools. 3 to 4mm 
in diameter can be used in the xnee. Triangulation. in „ hich 
the operating instruments are brought into the visual f 
provided by the arthrosoope, reguires multiple portals „, 
» entry; alternatively, the cutting tools can be passed through 
• channel in the arthrosoope itself in which case only one 
opening in the joint is necessary (Jackson, „.„., 1983 j 
Bone Joi nt Surg. (AM J Selective removal of damaged 

carriage loss, which can be repaired using the methods of 
the present invention. The present methods can also be 
employed to repair or augment cartilage loss that results 
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from major reconstructive surgery for different types of 
joints, the procedures for which surgery have been described 
in Resnick, D., and Niwayama, G. , eds., 1988, Diaan^c ^ 
Bone and Joint Disorders , 2d ed. , w.B. Sanders Co. 
5 Furthermore, the present methods are useful for 

reconstruction of the temporal mandibular joint as well as 
for other facial and cranial reconstructions. 

As such, the present invention is useful for the 
production or repair of cartilage in vivo in the treatment of 
10 degenerative connective tissue diseases, such as rheumatoid 
or osteoarthritis, or in the treatment of physical trauma, 
wherein cartilage is damaged or lost. 



15 



20 



5 . EXAMPLE 

The subsections below describe the components to be used 
in the methods of this invention as well as the in viv Q 
implantation of a scaffold, periosteal tissue and stromal 
cells at a cartilage defect site according to the methods of 
the invention. 

5 ' 1 * PREPARATION OF TTTPP*_ niMBKgTmraT , * r *T,mr ~ 
A three-dimensional scaffold comprising felt derived 
from a PGA multifilament yam was generated. The yarn is 
commercially available from Davis and Geck/Sherwood Medical 
25 under the trade name Dexon". The particular type of Dexon~ 
yarn is 56/123. The Dexon" yarn is processed into felt via 
standard textile processing techniques. The felt sheet, 
which has a porosity of 97%, a density of 45 mg/cc and a 
thickness of 2-7 mm after processing, is cut into the 
30 appropriate size for implantation in vivo , standard 

serialization techniques (radiation or ethylene oxide gas) 
for medical products are used to sterilize the felt. The 
felt can be implanted dry or pre-soaked using DMEM medium 
containing 10% fetal bovine serum, 2 mM L-glutamine, non- 
35 essential amino acids, 5C mg/ml proline, i mM sodium 

pyruvate, 3 5 M g/*1 gentamicin sulfate and 50 M g/ml ascorbate 
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5 * 2 * S" ARATION OF PERIOSTEAL/ 
PERlCHOwnPT^ r, TISgpE 7 

Periosteal tissue to be used in fK 
invent is obtained by ^"l ll my art" ^ 
s section of periosteum from the Jbi! , """scopy, a 
Perichondria! tissue can be"bt.ine d b " °* P " Unt - 
the perichondrium from t h e ^ll^Z^ " 

^T^r^^^- r: ^ shape 

*0 periosteal/perichondrial tissue fro" ^ ^""s 10 " ° f «>. 
* u.-, sue £ron the patient is 

preferably performed at the time a ? ^ 

scaffold. f the ln >P la "tation of the 

m 5 * 3 * ^^^^BT^L CELL PREPARATION 
A preparation of hun^chondrooytes is obtained as 
descried in Brittberg 1994 , New * S 

No. 14): 890-895. For example, cartilage sl ices (e' 30o 
500 mg by weight) can be obtain** k 9 " °" 

load-bearing area of a 'oLt such ^ * 

20 the Knee. Th e cartilage t ssue is ol h °* 
... ■, c.ssue is placed an a chilled 

stenle solution of sodium chloride ,0 9 * „.«,*,. 
and cells are harvested within 2 -5 J bv • VOlU, ' e, 
in Ham's E12 medium (G ibco La " s ™ — «». 

HEPES buffer (10 mmol/1, J£ """^"9 

» amphotericin B „ J£ ' I„ L asc b "' " 9 ' m1 ' ' 
rpi v My/mxj, and L-ascorbic acid (50 ug/jnll 

The ceils can similarly be harvested using the complete DMEM 
medrum described in Section s.l, ^ The 
.then dxgested with collagen.se <o. 2S weight/volume 'for 

.0 nvL r n° X1Ba h tely " hr " US »« «"«- through a 

nylon mesh, washed with medium and resuspended in medium 
supplemented with the patient's sm . 

at * . serum. The cells are seeded 

at a denslty o£ a?proxiMt9lJ , 1 x io , 

and cultured in an incubator at 37-c. 55 C 0. Cells are 
passed at confluence every 5-7 days ' 

" Obtair/^ 1 " 0 "' ChOTdrOCyts Progenitor cells can be 
obtained using methods similar to t.x„« ^ 

•t al 1994 j B0 n. „ , 56 described in wakitani 

— J^. 1994, J. Bone and Joint Surg. 76-A (No. 4): 579-592. 
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Briefly, blood is aspirated from bone marrow and the aso ^ . 

is washed and centrifuged at ,80 x g for 5 min. After 

resuspension in Ham's F12 medium supplemented with io% FCS 

and antibiotics, the red blood cells are disrupted by 

5 treatment with 4% acetic acid and the remaining cells are 

cultured in complete medium (io% FCS) at 37 °r » h . 

. . 1 ru *' at 37 C in a humidified 

atmosphere. 5* CO,. At day 5 , the ^ ^ 

removes essentially all of the non-adherent ceils. The 
» r 6 "?? " 11S a " 9r °"" 3 until confluence. 

5 min I" "T <°-»* trypsin, i « EDTA) for 

5 mm. to release the cells from the culture dish 

Chondrocyte progenitor cells can also be obtained from 
peristeum harvested, e.g.. from the tibia or femur. The 

is ST" ™ 1S ^^"^ Vith °- 25t -^agenase in 

15 Ham's F12 medium for 3 h at 37°r a ™o • 

The tissue i. then *< applying penodic agitation. 

The tissue is then disrupted by vortexing and the cells are 
filtered through a 100-micrometer Nitex filter, washed Joe 
and centrifuged. The cells are then cultured in complete 
medium, which is replaced every other day. Adherent cells 
20 are grown to confluence and released with trypsin as 
described above for the bone-marrow derived cells 

Prior to administration in viv 0/ the stromal cell 
preparation is suspended by treatment with trypsin 
oentrifuged and the pellet washed in culture medium 
25 supplemented with autologous serum. The cell preparation is 
tnen aspirated into a 1 ml tuberculin syringe with a 1. 2 J 
needle for administration to the implant site. 



5.4. 



TISSUE AND BTPnu^ ppt.t.c IN yi VQ 

The cartilage defect site is cleaned/sterilized prior to 
implantation by scrubbing or rinsing with a sterilizing 
solution, e.g.. iodine surgical scrub, e.g., 0.75% titratable 
iodine, or 0.9% sodium chloride solution. The defect site 
35 can also be enzym.tically treated to degrade the cartilage 
surface area of the defect by treatment with trypsin in the 
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range of 0.1-100 Units/ml for l-m • . 

concentration of enzyme .u Sed " " d * P * ndin * »P°» the 

The felt scaffold as describe k 
the defect site, is placed IZtt IIZ'-JT"* t0 "< 
S tissu. as described above is =1. ! Periosteal 
-«•" witb the cambium la y « of tOP ° f "» felt 
toward the scaffold and intone d.rect' ^T.'"^ 
tissue say optionally be sewn o„*„ It P«iosteal 
scaffold using resorbable v IT °' * 

». sutured to the surrounding ^ CTrh T " ' lM 

Either prior to implant^e e ^ 
periosteal tissue, the strl ^ f " M «'~ 

described above can be administered P re P*«tion 
into the defect site. For a d„f» *" arthr °scope, 

15 diameter, a total of 14 x " * thick and ^ « in 

nutrient-based solution such asT^ ^ Bl °< « 

is administered. According to a ! - " " With ° Ut 
stromal cells are injected T^^^.^^ «» 
the scaffold. The defect site Is cT ^"'^ — 
«. sutures and the site bandaged " " t " ^ ^ 

be administered. P°st-surg 1C al analgesic may 

The present invention is not t. u , . . 
the specific embodiments desc-^d 1 k " ^ 

single illustrations of ££££ a *" ^'"^ " 

" and functionally eguivalent method anTc °' ^ inVenW ° n ' 
the scope of the invention ir alcit C ° mP ° n ' nts «• within 
-scribed herein will become ITrZZV^^ 
art from the foregoing descrioUon S uL i0 
intended to fall within the sco P e of tl ■° dl *"' ti ~ 

30 pe ° f the appended claims. 
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1. A method of. producing cartilage at a cartilage 
defect site in vivo comprising: 



5 



(a) implanting into the defect site a biocompatible 
non-living three-dimensional scaffold structure in 
combination with periosteal tissue, perichondria! tissue or a 
combination of said tissues; and 

(b) additionally administering into the defect site a 
10 preparation of stromal cells for attachment to the scaffold 

and/or for inducing chondrogenesis or migration of stromal 
cells from the in vivo environment adjacent to the defect 
site to the scaffold. 

15 2. The method of claim 1, wherein the scaffold is 

implanted into the defect site and the periosteal or 
perichondria! tissue is placed on top of and adjacent to the 
scaffold. 



20 3 . The method of claim 1, wherein the periosteal or 

perichondria! tissue is implanted into the defect site and 
the scaffold is placed on top of and adjacent to the tissue. 

4. The method of claim 1, wherein the periosteal or 

25 perichondria! tissue is situated with respect to the scaffold 
such that stromal cells from the tissue can migrate from the 
tissue to the scaffold. 

5. The method of claim 1, wherein the periosteal 

30 tissue is situated with respect to the scaffold such that the 
cambium layer of the tissue faces the scaffold. 

6. The method of claim l, wherein the perichondria! 

tissue is situated with respect to the scaffold such that the 

35 cambium or inner transition layers of the tissue face the 
scaffold. 
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7. The method of claim 1, wherein the preparation „, 
stroll cells is administered prior to, during or after 
implantation of the scaffold structure. 

5 8 * The method of elaii. i 

1 Ciail n If wherein the preparation 
stromal ceus is admi„i stered prior ^ P « 

implantation of the periosteal or perichondria! tissue. 

9. The method of claim 1, wherein the preparation of 
10 stromal cells is physically r.1.,—. ,. p n of 

y P laced between the scaffold and 
the periosteal or perichondrial tissue. 

10. The method of claim i, wherein the scaffold 
^ structure is composed of a hiodegradable material. 

11. The method of claim 10. wherein the biodegradable 
material is polyglycolic acid, polylactic acid, cotlon cat 
gut sutures, cellulose, nitrocellulose, gelatin, collagen or 
polyhydroxyalkanoates. 5 or 



20 

12. 



The method of claim 1, wherein the scaffold 
structure is composed of a non-biodegradable material. 

■ 13. The method of claim 12. wherein the non- 

26 biodegradable material is a polyamide. a polyester, a 

polystyrene, a polypropylene, a polyacrylate, a polyvinyl 
PO ycarbonate, a polytetraf Methylene, thermanox or a ' 
polyhydroxyalkanoate . 

30 14 • The method of clain 1 uh^ • ^ ^ 

felt cJ-aiiD i, wherein the framework is a 



mesh. 

35 



15. The method of claim 1, wherein the framework is a 



16. The method of claim i, wherein the scaffold 
treated with ethylene oxide prior to implantation. 



is 
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17. The method of claim lf vherei n the scaffold is 
treated with an electron beam prior to implantation. 

18. The method of claim i, where in the scaffold 

5 comprises or is modified to contain at least one substance 
capable of enhancing the attachment or growth of stromal 
cells on the scaffold. 

19. Tho .athod of el a i„ „, vherein the substa „ ca ■ 
10 bxcctiv. „.„t s.lected fro- the oroup oonsistino of 

cellular growth factors factore +. K ,*. 

* ' ractors that stimulate migration of 

stromal cells, factors that e fi-„i „*. . 

t0rs tnat stimulate chondrogenesis, factors 
tnat stimulate matrix deDo«?itinn • • 

aeposition, antiinflammatories, and 

immunosuppressants . 

15 

20. The method of claim 19, wherein the bioactive agent 
is a TGF-0 , with or without ascorbate. 

21. The method of claim 19, wherein the bioactive agent 
20 is a bone morphogenetic protein that stimulates cartilage 

formation. * 



22 

compi 

25 



35 



The method of claim 19, wherein the bioactive agent 
comprises a sustained release formulation. 

23. The method of claim 22, wherein the formulation 
comprises a composite of the bioactive agent and a 
biocompatible polymer. 

24. The method of claim 23, wherein the biocompatible 
polymer ls selected from the group consisting of polylactic 
acid, poly(lactic-co-glycolic acid), methylcellulose, 
hyaluronic acid, and collagen. 

25 The method of claim 18, wherein the substance is 
selected from the group consisting of collagens, elastic 
fibers, reticular fibers, heparin sulfate, chondroitin-4- 
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sulfate, chondroitin-6-sulfate, dermatan sulfate kera f 
sulfate and hyaluronic acid. *erat in 

26. The method of chi» i * 
* * - • • furt ^er comprising the 

5 of administering to the defect site at « P 

capable of enhancing the attachment substance 

y tne attachment or growth of stromal 
cells on the scaffold. stromal 

27. The method of claim 26, wherein the substance is a 
X0 bioactive agent selected from the group consisting of 

cellular growth factors, factors that stimulate migration of 
stromal cells, factors that stimulate chcmdrog^JT flct 
that stimulate chondrogenesis f*r+ . genesis, factors 

* "genesis, factors that stimulate matriv 
deposition, anti-inf lammatories an* < triX 

15 ries ' and immunosuppressants. 

28. The method of claim on ,.u 

TGP-fl ' Vherein the substance is a 

TGF-£, with or without ascorbate. 

29. The method of claim on 

• ciaim 27, wherein the bioactive ao» n t 
20 is a bone morphogenetic protein that- ««. • , * 

formation. " Stllnulates cartilage 

30. The method of claim 1, wherein the periosteal or 
^ perichondria! tissue is autologous to the defect site 

31. The method of claim i t.w 

ef ■ Laim 1 > herein the preparation of 

stromal cells comprises chondrocytes. ' 

32. The method of claim i r,w 

3 0 stromal e.n. • "herein the preparation of 

stromal cell, comprises chondrocyte progenitor cells. 

stromal' T ° Sth3d " Clai " ll " herein the P»P«ation of 
stromal cells comprises fibroblasts cr fibrcblast-li.ee cells. 



^ 34. The method of claim 1, wherein the preparation of 

stromal calls comprises a combination of chondrocytes 
chondrocyte progenitor cells, fibroblasts, , ibroblasWifce 
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cells, endothelial cells, pericytes, macrophages, monocytes 
leukocytes, plasma, cells, mast cells, adipocytes, umbilici' 

cord cells, or bone marrow cell*? 

" ow ceiiS from umbilical cord blood. 

5 35. The method of claim 1, wherein the preparation of 

stromal cells comprises at least one bioactive agent. 

36. The method of claim 35, wherein the bioactive agent 
is selected from the group consisting of cellular growth 
10 factors, factors that stimulate migration of stromal cells 
factors that stimulate chondrogenesis, factors that stimulate 
matrix deposition, anti-inf lammatories, and 
immunosuppressants. 



15 



37. The method of claim 36, wherein the bioactive agent 
is a TGF-/?, with or without ascorbate. 



38. The method of claim 36, wherein the bioactive agent 
is a bone morphogenetic protein that stimulates cartilage 
2 0 formation. 



39. The method of claim l, wherein the stromal cells of 
the preparation are genetically engineered to produce at 
least one bioactive agent. 

25 

40. The method of claim 39, wherein the bioactive agent 
is selected from the group consisting of cellular growth 

. factors, factors that stimulate migration of stromal cells 
factors that stimulate chondrogenesis, factors that stimulate 
30 matrix deposition, anti-inf lammatories , and 
immunosuppressants . 

41. The method of claim 1, wherein the stromal cells of 
the preparation are genetically engineered to express a gene 

35 .ha. is deficiently expressed in vivo . 
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the T Mth0d ° £ ClSi ° l ' " herein stro„al c . lls „, 

the preparation are genetically engineered to prevent or 

r::::ai\\\:r ssi ° n of a - ~* — " - 



43. The method of claim i 
site is treated to degrade ~ cartilage defect 

site. «*«ting cartilage at the 

10 44 • The method of clai™ a-* 

seated th e group llT^T^l^T " 

ahras.on. debridement, shaving, and MicroTillin, 



45 

15 



The method of claim 44, wherein the enzyme 
treatment utilizes at least «no 

s a. least one enzyme selected from the 
group consisting of t^in 

t- ting or r.yp Sin , chymotrypsin, collagenase 

elastase, hyaluronidase, Dnase «r-«« \. i±agenase ' 

' Dnase ' Pronase and chondroitinase 



defect ° f Clailn 43 ' Whe " in the cartilage 

defect sxte „ enzymatically treated prior to impiantati 
the scaffold or the periosteal or perichondria! tissue 



25 
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) original claims 1-46 replaced by new claims 1-47 (8 pages)] I 

1. The use of a biocompatible, non-living three- 
dimensional scaffold structure in combination with periosteal 

5 tissue, perichondria! tissue or a combination of said tissues 
in conjunction with a preparation of stromal cells for the 
production, subsequent to implantation, of cartilage. 

2. The use according to claim 1, characterized by the 
10 fact that said stromal cells attach to the scaffold and/or 

induce chondrogenesis or migration of stromal cells. 

. 3. The use according to claim 1 or 2, characterized by 
the fact that the periosteal or perichondria! tissue is 
15 located on top or at the bottom of and adjacent to the 
scaffold. 



1 



4. The use according to claim 1 or 2, characterized by 
the fact that the periosteal or perichondral tissue is 

2 0 situated with respect to the scaffold such that stromal cells 
from the tissue can migrate from the tissue to the scaffold. 

5. The use according to claim 1 or 2, characterized by 
the fact that the periosteal or perichondral tissue is 

25 situated with respect to the scaffold such that the cambium 
or inner transition layers of the tissue faces the scaffold. 

6. The use according to claim 1 or 2 , characterized by 
the fact that the preparation of stromal cells is physically 

3 0 placed between the scaffold and the periosteal or 
perichondrial tissue. 

7. The use according to any one of claims 1 to 6 
characterized by the fact that the scaffold structure is 

35 composed of a biodegradable or non-biodegradable material 
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8 The use according to claim 7, characterized by the 
fact that the biodegradabie material is polyglyeolic acid 
polylactxc acid, cotton, cat gut sutures, cellulose 
^ nitrocellulose, gelatin, collagen or polyhydroxyalkanoates . 

9. The use according to claim 7, characterized by the 
fact that the non-biodegradable material is a polyamide T 
polyester, a polystyrene, a polypropylene, a polyacrylate a 
polyvinyl, a polycarbonate, a polytetraf luorethylene ' 

10 thermanox, cotton, cellulose or a polyhydroxyalkanoa^e. 

10. The use according to any one of claims 1 to 9 
characterized by the fact that the framework is a felt or a 
mesh. 



15 



11. The use according to any one of claims l to 10 
characterized by the fact that the scaffold is treated with 
ethylene oxide or with an electron beam prior to 
implantation. 

20 

12. The use according to any one of claims 1 to ll 
characterized by the fact that the scaffold comprises or 'is 
modified to contain at least one substance capable of 
enhancing the attachment or growth of stromal cells on the 

25 scaffold. 

13. The use according to claim 12, characterized by the 
fact that the substance is (a) a bioactive agent selected 
from the group consisting of cellular growth factors, factors 

30 that stimulate migration of stromal cells, factors that 
stimulate chondrogenesis , factors that stimulate matrix 
deposition, antiinflammatories, and immunosuppressants, or 
(b) is selected from the group consisting of collagens 
elastic fibers, reticular fibers, heparin sulfate 

35 chondroitin-4-sulfate, chondroitin-6-sulfate, dermatan 
sulfate, keratin sulfate and hyaluronic acid 
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U. The use according to claim 13, characterized »v the 
fact that the bioactive agent ,., u . TCF . g> tfit h or v L ou t 
ascorbate, or , bJ is a hoh. morphegenetic protein that 
stimulates cartilage formation 

' or < c > comprises a sustained 
5 release formulation. qinea 



10 



15. The use according to cla iin 14, characterized 
fact that the formulation comprises a composite of the 
bioactive agent and a biocompatible polymer 



the 



15 



tact that T r 9 t0 CUim " ' <*•»««*«. * the 

fact that the biocompatible poller is selected from thef 

group consisting of polylactic acid, poly (lactic-co-glycilic 
acxd, . methylcellulose, hyaiuronic acid, and collagen 



17. The use according to any one or claims 1 to J 
characterized by the fact that t-t.. 

" the Preparation of stroma 
cells comprises chondrocytes, or chondrocyte progenitor 
cells, or fibroblasts or f ibroblast-lifce cells, or a . 

7Z T' 0 " ° f Ch ° ndrOCytes ' chondrocyte progenitor cellj 
fibroblasts, fibroblast-liXe cells, endothelial cells T 

maTce'll' "V™ 9 "' X.uxocyt.s. 
mast cells, adipocytes, umbilical cord cells „. 1 
cells from umbilical cord blood. ° n ' " a ' lrOV ' 
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fact ll\ IT aCC ° rding to cl **» 17. characterized bJ the 
fact that the chondrocyte progenitor cells comprise 
mesenchymal stem cells. uprise 

19. The use according to any one of claims 1 to 18 I 
characterized by the fact i-h»<- «-k ' 
cells further Z 6 P re P arati °n of stromal 

cells further comprise at least one bioactive agent or said 

:i^r;: i;:;r iiy ~ ed - ~* - - st 0 ni^ d 

20. The use according to cla^ <i Q 
f.ct that the bioacti.e agent J^tTT^ 
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consisting of cellular growth factors, factors that stimulate 
migration of stromal cells, factors that stimulate 
chondrogenesis, factors that stimulate matrix deposition, 
anti-inf lammatories, and immunosuppressants. 

i 

21. The use according to claim 20, characterized by the 
fact that the bioactive agent is a TGF-/3 , with or without 
ascorbate, or a bone morphogenetic protein that stimulates 
cartilage formation. 



10 



22. The use according to any one of claims 1 to 18, 
characterized by the fact that the stromal cells of the 
preparation are genetically engineered to express a gene that 
is deficiently expressed An vivo, or to prevent or reduce the 

IS expression of a gene normally expressed by the stromal cells. 

23. A method of producing cartilage at a cartilage 
defect site in vivo comprising: 

(a) implanting into the defect site a biocompatible, 
2 0 non-living three-dimensional scaffold structure in 

combination with periosteal tissue, perichondrial tissue or a 
combination of said tissues; and 

(b) additionally administering into the defect site a 
preparation of stromal cells for attachment to the scaffold 

25 and/or for inducing chondrogenesis or migration of stromal 
cells from the in vivo environment adjacent to the defect 
site to the scaffold. 

24. The method of claim l, wherein the scaffold is 

30 implanted into the defect site and the periosteal or 

perichondrial tissue is placed on top of and adjacent to the 
scaffold. 

25. The method of claim 1, wherein the periosteal or 
35 perichondrial tissue is implanted into the defect site and 

the scaffold is placed on top of and adjacent to the tissue. 
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26. The method of claim 1, wherein the periosteal or 
perichondrial tissue is situated with respect to the scaffold 
such that stromal cells from the tissue can migrate from the 
tissue to the scaffold. 

5 

27. The method of claim 1, wherein the periosteal 
tissue is situated with respect to the scaffold such that the 
cambium layer of the tissue faces the scaffold. 

10 28. The method of claim 1, wherein the perichondrial 

tissue is situated with respect to the scaffold such that the 
cambium or inner transition layers of the tissue face the 
scaffold. 

15 29. The method of claim 1, wherein the preparation of 

stromal cells is administered prior t 0/ during or after 
implantation of the scaffold structure. 

30. The method of claim 1, wherein the preparation of 
20 stromal cells is administered prior to, during or after 

implantation of the periosteal or perichondrial tissue. 

31. The method of claim 1, wherein the preparation of 
stromal cells is physically placed between the scaffold and 

25 the periosteal or perichondrial tissue. 

32. The method according to any one of claims 23 to 31, 
characterized by the fact that the scaffold structure is 
composed of a biodegradable or a non-biodegradable material. 

30 

33. The method according to claim 32, characterized by 
the fact that the biodegradable material is polyglycolic 
acid, polylactic acid, cotton, cat gut sutures, cellulose, 
nitrocellulose, gelatin, collagen or polyhydroxyalkanoates . 



35 



34. The method according to claim 32, characterized by 
the fact that the non-biodegradable material is a polyamide, 
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a polyester. a polystyrene, a polypr opyl ene, . polyacrylate 
a polyv.nyl. a polycarbonate, a polyt.trafluor.thyL ' 
thermanox. cotton, cellulose or a polyhydroxyalfcanoate.' 

5 35. The method accordino to any one of claims 23 to 3. 

characterized by the fact that the framework is a felt or a 
mesh. ar a 

30 en ^ ! eth ° d aCC ° rdi "* to «>• =ne of claims 23 to 35 

30 characterized by the fact that the scaffold is treated with 

ethylene oxxde or with ,„ electron beam prior to 

implantation. 

37. The method according to any one of claims 23 to 36 
IS characterized by the fact that the scaffold comprises or is ' 
modified to contain at least one substance capable of 
enhancing the attachment or growth of stromal cells on the 
scaffold. 

20 4-k aCC ° rdin * to c ^ 37, characterized by 

the fact that the substance is (a) « bioactive agent selected 
fro* the group consisting of cellular growth factors, factors 
that stimulate migration of stromal cells, factors that 
stimulate chondrogenesis, factors that stimulate matrix 

25 deposition, anti-inf lavatories, and immunosuppressants, or 
(b) is selected from the group consisting of collagens 
elastic fibers, reticular fibers, heparin sulfate, ' 
chondroitin-4 -sulfate, chondroitin-6-sulfate, dermatan 
sulfate, keratin sulfate and hyaluronic acid. 

30 

39. The method according to claim 38, characterized by 
the fact that the bioactive agent (a) is . TGF-/?, with or 
without ascorbate, or (b) is a bone morphogenetic protein 
that stimulates cartilage formation, or (c) comprises a 
35 sustained release formulation. 



- 48 - 



AMFNDFn <lMPrr itanr* c to\ 



WO 97/30662 

PCT7US97/02909 

40. The method according to claim 39, characterized by 
the fact that the formulation comprises a composite of the 
bioactive agent and a biocompatible polymer. 

5 41. The method according to claim 40, characterized by 

the fact that the biocompatible polymer is selected from the 
group consisting of polylactic acid, poly (lactic-co-glycolic 
acid) , methylcellulose, hyaluronic acid, and collagen. 

10 42. The method according to any one of claims 23 to 41 

characterized by the fact that the preparation of stromal ' 
cells comprises chondrocytes, or chondrocyte progenitor 
cells, or fibroblasts or f ibroblast-like cells, or a 
combination of chondrocytes, chondrocyte progenitor cells 

15 fibroblasts, fibroblast-like cells, endothelial cells 

pericytes, macrophages, monocytes, leukocytes, plasma'cells 
mast cells, adipocytes, umbilical cord cells, or bone marrow 
cells from umbilical cord blood, 

20 43. The method according to claim 42, characterized by 

the fact that the chondrocyte progenitor cells comprise 
mesenchymal stem cells. 

44. The method according to any one of claims 23 to 43 
25 characterized by the fact that the preparation of stromal ' 
cells further comprise at least one bioactive agent or said 
cells are genetically engineered to produce at least one 
bioactive agent. 

30 45. The method according to claim 44, characterized by 

the fact that the bioactive agent is selected from the group 
consisting of cellular growth factors, factors that stimulate 
migration of stromal cells, factors that stimulate 
chondrogenesis, factors that stimulate matrix deposition, 

35 antiinflammatories, and immunosuppressants. 
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46. The method according to claim 4S, characterized by 
the fact that the bioactive agent is a TGF-0, with or without 
ascorbate, or a bone morphogenetic protein that stimulates 
cartilage formation. 

- 5 

47. The method according to any one of claims 23 to 43 
characterized by the fact that the stromal cells of the 
preparation are genetically engineered to express a gene that 
is deficiently expressed jn v^vo, or to prevent or reduce the 

10 expression of a gene normally expressed by the stromal cells. 
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